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BACKGROUND 

1 . Field of the Invention 

This invention relates to the field of medical devices, especially drug delivery devices 
1 0 such as drug eluting vascular stents. 

2. Description of the State of the Art 

A stent is a tubular scaffolding structure used to mechanically uphold the patency of the 
lumen in which the stent is placed. Stents are being modified to also provide pharmacological 
therapy. One method of medicating a stent is with the use of a polymer coating impregnated 

1 5 with a drug. A variety of polymers can be used to coat stents. Of particular interest is a 

copolymer of ethylene and vinyl alcohol, also known as poly(ethylene-co-vinyl alcohol) having a 
general formula -[CH2-CH 2 ] m -[CH2-CH(OH)] n - Poly(ethylene-co-vinyl alcohol) is also 
known under the trade name EVAL and is distributed commercially by Aldrich Chemical 
Company of Milwaukee, Wisconsin. EVAL is also manufactured by EVAL Company of 

20 America of Lisle, Illinois. 
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EVAL possesses a desirable impermeability to oxygen, is biologically compatible, and 
adheres well to metals, such as stainless steel. At the same time, the biological compatibility of 
EVAL can be improved. One way to improve the biological compatibility of EVAL can be by 
forming an adduct of EVAL with a compound that can provide enhanced biological 
5 compatibility. Such highly biologically compatible compounds include poly(alkylene glycols) 
one example of which is poly(ethylene glycol)(PEG). For example, EVAL can be derivatized by 
having PEG conjugated to EVAL to form an EVAL-PEG adduct. The EVAL-PEG adduct is 
expected to have improved biological compatibility, for example, to have non-fouling properties. 
The term "non-fouling property" refers to the ability of the stent surface to prevent or at least 
1 0 reduce a build-up of a thick, denatured layer of protein which typically tends to accumulate on 
the surface of a bare metal stent or a stent coated with polymers such as EVAL. Such 
accumulation or "fouling" of the stent surface is a result of the body's reaction to a foreign 
material. The fouling of the stent surface is undesirable for long-term tissue compatibility. 

While PEG-modified EVAL is expected to have improved biological compatibility 
1 5 including non-fouling property, some further improvements are desirable. In particular, PEG can 
disappear quickly from the EVAL-PEG adduct as a result of hydrolysis, if PEG is attached to 
EVAL via hydrolytically unstable links such as anhydride, ester, orthoester or acetal bonds. As a 
result, the duration of service of the EVAL-PEG based coating can be less than optimal. 

In view of the foregoing, it is desirable to have hydrolytically stable biologically 
20 compatible derivatives of EVAL having non-fouling properties. The present invention provides 
such derivatives. 
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SUMMARY 

A medical article is provided, the medical article comprises an implantable substrate 
having a coating deposited on at least a portion of the substrate, the coating comprising a 
polymer having the formula: 

5 -[CH 2 -CH 2 ] m -[CH 2 -CH] n >[CH 2 -CH] p - 

I I 

Z-(NH) X -C-NH OH 

II 

O 

10 wherein Z is a non-fouling moiety. The non-fouling moiety can be a derivative of a compound 
selected from a poly(alkylene glycol), heparin, polyvinyl pyrrolidone), poly(2- 
hydroxyethylmethacrylate), poly(2-hydroxypropyl methacrylamide), poly(styrene sulfonate), 
hyaluronic acid, chondroitan sulfate, and chitosan. Examples of the poly(alkylene glycol)s that 
can be used include poly(ethylene glycol), poly(l -propylene glycol), poly(2 -propylene glycol) 

1 5 and poly(tetramethylene glycol). 

A method for fabricating a medical article is provided, the method includes synthesizing 
a polymer having a formula: 

>[CH 2 -CH 2 ] m -[CH 2 -CH] n -[CH 2 -CH] p - 
I I 

20 xo[-ch 2 -ch 2 -o] 0 h;ch 2 ) x -c-nh oh 

II 

o 

wherein X is hydrogen or methyl and the synthesis comprises preparing a primary amino- 
functional poly(ethylene vinyl alcohol), and reacting the primary amino-functional poly(ethylene 
25 vinyl alcohol) with a succinimidyl derivative of poly(ethylene glycol). 
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A method for fabricating a medical article is provided, the method includes synthesizing 
a polymer having a formula: 

-[CH 2 -CH 2 ] m -[CH 2 -CH] n -[CH 2 -CH] p - 
I I 

5 X[-0-CH 2 -CH 2 ] 0 -NH-C-NH OH 

0 

wherein X is hydrogen or methyl and the synthesis comprises preparing a primary amino- 
functional poly(ethylene vinyl alcohol), and reacting the primary amino-functional poly(ethylene 
10 vinyl alcohol) with an isocyanate derivative of poly(ethylene glycol). 

A method for fabricating a medical article is provided, the method includes synthesizing 
a polymer having a formula: 

-[CH 2 -CH 2 ] m -[CH 2 -CH] n -[CH 2 -CH] p - 

I I 

15 X[-0-CH 2 -CH 2 ] 0 -NH-C-0 OH 

II 

0 

wherein X is hydrogen or methyl and the synthesis comprises reacting poly(ethylene glycol) or 
methoxylated poly(ethylene glycol) with N,N'-disuccihimidyl carbonate or with an aliphatic 
20 diisocyanate to obtain an activated derivative of poly(ethylene glycol) or methoxylated poly(ethylene 
glycol), and reacting the activated derivative of poly(ethylene glycol) or methoxylated poly(ethylene 
glycol) with poly(ethylene-co-vinyl alcohol). 

A method for fabricating a medical article is provided, the method includes synthesizing 
a polymer having a formula: 

25 -[CH 2 -CH 2 ] m -[CH 2 -CH] n -[CH 2 -CH] p - 

I I 

X[-0-CH 2 -CH 2 -] 0 0 OH 
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wherein X is hydrogen or methyl and the synthesis comprises reacting poly(ethylene glycol) or 
methoxylated poly(ethylene glycol) with 1 ,4-dibromo->?-butane or with 6/s-epoxide to obtain an 
activated derivative of methoxylated poly(ethylene glycol), and reacting the activated derivative of 
poly(ethylene glycol) or methoxylated poly(ethylene glycol) with poly(ethylene-co-vinyl alcohol). 

5 A method for fabricating a medical article is provided, the method includes synthesizing 

a polymer having a formula: 

^[CH 2 -CH 2 ] m -[CH 2 -CH] n -[CH 2 -CH] p - 
X[-0-CH 2 -CH 2 -]o-NH OH 

10 

wherein X is hydrogen or methyl and the synthesis comprises oxidizing poly(ethylene-co-vinyl 
alcohol) to obtain an activated derivative of poly(ethylene-co-vinyl alcohol), and reacting the 
activated derivative of poly(ethylene-co-vinyl alcohol) with poly(ethylene glycol)-amine adduct. 

A method for fabricating a medical article is provided, the method includes synthesizing 
1 5 a polymer having a formula: 

^[CH 2 -CH 2 ] m -[CH 2 -CH] n -[CH 2 -CH] p - 

I I 

Z-C-NH-NH-C^CH 2 ) 4 -C-NH-NH OH 

II II II 

20 OOO 

wherein Z is a moiety derived from hyaluronic acid and the synthesis comprises oxidizing 
poly(ethylene vinyl alcohol) to form a poly(ethylene vinyl alcohol) having ketone groups, 
preparing a dihydrazide derivative of hyaluronic acid, and reacting the poly(ethylene vinyl 
25 alcohol) having ketone groups with the dihydrazide derivative of hyaluronic acid. 

A method for fabricating a medical article is provided, the method includes synthesizing 
a polymer having a formula: 
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-[CH 2 -CH 2 ] m -[CH 2 -CH] n 4CH 2 -CH] p - 
Z-CH 2 -NH OH 

5 wherein Z is a moiety derived from heparin and the synthesis comprises preparing a primary 
amino-functional poly(ethylene vinyl alcohol), and reacting the primary amino-functional 
poly(ethylene vinyl alcohol) with an aldehyde-terminated derivative of heparin. 

A method for fabricating a medical article is provided, the method includes synthesizing 
a polymer having a formula: 

1 0 -[CH 2 -CH 2 ] m -[CH 2 ~CH] n -[CH 2 -CH] p - 

Z-(NH) X -C-NH OH 
II 

O 

1 5 wherein Z is a non-fouling moiety. 
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DETAILED DESCRIPTION 

1 . Terms and Definitions 

The following definitions apply: 

The term "non-fouling moiety" is defined as portion of a chemical compound that is 
5 capable of providing the compound with the ability to prevent or at least reduce a build-up of a 
denatured layer of protein on the stent surface or on the stent coating. 

The term "non-fouling complex" refers to polymeric substances such as polymeric 
conjugates and/or polymeric adducts that comprise a non-fouling moiety. 

The term "conjugated" is defined as "linked," for example, covalently linked. The term 
10 "conjugating" is defined as a process of forming a link, for example, a covalent link. 

The term "pegylation" is defined as the process of bonding poly(ethylene glycol) (PEG) 
to poly(ethylene-co-vinyl alcohol) (EVAL) to form an EVAL/PEG adduct. 

The term "hydrolytically stable" is defined as the ability of a compound (e.g., a polymer 
or a polymeric adduct) to be exposed to aqueous fluids having pH near neutral (e.g., blood), 

1 5 without being substantially hydrolyzed for a period of time of at least 1 to 6 months. The 
temperature of an aqueous liquid to which a compound is exposed can be between a room 
temperature and about 36°C. "Substantially hydrolyzed" is defined as losing about 20% or more 
of the polymer (by mass) to hydrolysis. One way of determining whether a polymer or a 
polymeric adduct is hydrolytically stable can include (a) depositing the polymer or adduct on a 

20 stent to make the polymer-coated stent; (b) weighing the polymer-coated stent; (c) immersing the 
polymer-coated stent into an aqueous fluid having pH near neutral; and (d) periodically weighing 
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the stent. If after 1 to 6 months of such exposure about 80% (by mass) or more of the polymer or 
adduct still remains on the stent, the polymer or adduct is defined as "hydrolytically stable." 

The term "polymer-analogous transformation" is defined as a synthetic process of 
replacing functional groups in a macromolecule of the original polymer with other functional 
5 groups thus making a new polymer having new properties. The new polymer, however, retains 
many features of the original polymer, such as the original degree of polymerization and the 
structure of the backbone of the original polymer (including linear or branched nature) after the 
process of polymer-analogous transformation is completed. 

2. Embodiments of the Invention 

10 A coating for an implantable medical device, such as a stent, according to embodiments 

of the present invention, can be a multi-layered structure that can include any or all of the 
following three layers: 

(a) a drug-polymer layer (also referred to as "reservoir" or "reservoir layer"), comprising 
a copolymer and a drug, or alternatively a copolymer free drug layer; 

15 (b) a primer layer; and/or 

(c) a topcoat layer. 

Each layer of the stent coating can be formed by dissolving the copolymer or a blend of 
copolymers in a solvent, or a mixture of solvents, and applying the resulting copolymer solution 
on the stent by spraying or immersing the stent in the solution. After the solution has been 
20 applied onto the stent, the coating is dried by allowing the solvent to evaporate. The process of 
drying can be accelerated if the drying is conducted at an elevated temperature. 
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To incorporate a drug into the reservoir layer, the drug can be combined with the 
copolymer solution that is applied onto the stent as described above. Alternatively, to fabricate a 
copolymer-free drug layer, the drug can be dissolved in a suitable solvent or mixture of solvents, 
and the resulting drug solution can be applied on the stent by spraying or immersing the stent in 
5 the drug solution. 

Instead of introducing the drug as a solution, the drug can be introduced as a colloid 
system, such as a suspension in an appropriate solvent phase. To make the suspension, the drug 
can be dispersed in the solvent phase using conventional techniques used in colloid chemistry. 
Depending on a variety of factors, e.g., the nature of the drug, those having ordinary skill in the 
10 art can select the solvent to form the solvent phase of the suspension, as well as the quantity of 
the drug to be dispersed in the solvent phase. The suspension can be mixed with a copolymer 
solution and the mixture can be applied on the stent as described above. Alternatively, the drug 
suspension can be applied on the stent without being mixed with the copolymer solution. 

The drug-polymer layer can be applied directly onto at least a part of the stent surface to 
1 5 serve as a reservoir for at least one active agent or a drug which is incorporated into the reservoir 
. layer. The primer layer can be applied between the stent and the reservoir to improve the 
adhesion of the drug-polymer layer to the stent. The topcoat layer can be applied over at least a 
portion of the reservoir layer and serves as a rate limiting membrane which helps to control the 
rate of release of the drug. The topcoat layer can be essentially free from any active agents or 
20 drugs. 

According to embodiments of the present invention, any or all of the layers of the stent 
coating can be made of derivatives of EVAL, the derivatives having improved biological 
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compatibility and non-fouling properties. To obtain the derivatives, EVAL can be modified by 
reactions of polymer-analogous transformation. 

According to one embodiment of the present invention, EVAL can be derivatized using a 
polymer-analogous transformation process of hydrophilic modification. According to this 
5 process, EVAL can be derivatized by having a non-fouling moiety conjugated to EVAL via 
hydrolytically stable linkages to form a non-fouling EVAL complex. The non-fouling moieties 
can include (a) poly(alkylene glycols) or (b) molecules other than poly(alkylene glycols). For 
example, a poly(alkylene glycol) can be conjugated to EVAL to form a non-fouling EVAL/ 
poly(alkylene glycol) complex. 

10 One example of a poly(alkylene glycol) that can be bonded to EVAL is poly(ethylene 

glycol)(PEG). As a result of conjugating PEG to EVAL (pegylation), a non-fouling EVAL/PEG 
complex can be obtained, and the biological compatibility of EVAL can be improved. Examples 
of other poly(alkylene glycols) that can be conjugated to EVAL include poly(l -propylene glycol), 
poly(2-propylene glycol) and poly(tetramethylene glycol). 

1 5 Examples of non-fouling moieties other than poly(alkylene glycols) that can be 

conjugated to EVAL to form a non-fouling EVAL complex include heparin, poly(vinyl 
pyrrolidone), poly(2-hydroxyethylmethacrylate), poly(2-hydroxypropylmethacrylamide), 
poly(styrene sulfonate), hyaluronic acid, chondroitan sulfate, and chitosan. 

The EVAL/PEG adducts of the present invention can be hydrolytically stable. To 
20 synthesize hydrolytically stable EVAL/PEG adducts, the process of pegylation can be carried to 
form a macromolecule of EVAL connected to a macromolecule of PEG via hydrolytically stable 
chemical links. Examples of such links include amide, urethane, urea, ether, aliphatic carbonate, 
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or amine bonds. Polymers of these invention, which are EVAL/PEG adducts having these 
hydrolytically stable links, are schematically shown in Table 1. 



Table 1. Examples of Hydrolytically Stable EVAL/PEG Adducts 



Link 


Adduct (Schematically) 


Adduct (Exemplary Formula) 


Amide 


EVAL-NH-C-PEG 
II 

0 


-[CH 2 -CH 2 ] m -[CH 2 -CH] n -[CH 2 -CH] p - 

XO[-CH 2 -CH 2 -O] 0 -(CH 2 ) x -C-NH OH 

II 

0 


\J ICLlldilC 


F V A T -O-C-NT-T— P F G 

ill V r\L-/ — \j — V-/ — IN 11 r i_>vJ 

II 

0 


-rCHi-CHil -rCHi-CHl -rCHi-CHL- 

|\_-n 2 — \^n 2 j m L^jn 2 — ^njn [«-n. 2 v-^-njp 

X[-0-CH 2 -CH 2 ] 0 -NH-C-0 OH 

0 


Urea 


EVAL-NH-C-NH-PEG 
II 

0 


-[CH 2 -CH 2 ] m -[CH 2 -CH] n -[CH 2 -CH] p - 
XI-0-CH?-CH?L-NH-C-NH OH 

0 


Ether 


EVAL-O-PEG 


-[CH 2 -CH 2 ] m -[CH 2 -CH] n -[CH 2 -CH] p - 
X[-0-CH 2 -CH 2 ] 0 -0 OH 


Carbonate 


EVAL-O-C-O-PEG 
II 

0 


-[CH 2 -CH 2 ] m -[CH 2 -CH] n -[CH 2 -CH] p - 

X[-0-CH 2 -CH 2 ] 0 -0-C-0 OH 

II 

0 


Amine 


EVAL-NH-PEG 


-[CH 2 -CH 2 ] m -[CH 2 -CH] n -[CH 2 -CH] p - 
X[-0-CH 2 -CH 2 ] 0 -NH OH 



5 In compounds of Table 1, X is hydrogen or methyl, and each of m, n, o, independently, is 

a positive integer, and p is either a positive integer or zero. The value of m can be within a range 
of between about 30 and about 7,600; the value of o can be within a range of between about 1 1 
and about 680; the value of the sum of n and p can be within a range of between about 30 and 
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about 7,600, and the value of the sum of m 5 n and p can be within a range of between about 700 
and about 7,600. If p f 0, a ratio between n and p can be between about 1:19 and about 1 :3. 

Methods of synthesizing the EVAL/PEG adducts shown in Table 1 are described in the 
Examples provided below. 

5 For derivatization by the reactions of polymer-analogous transformation, EVAL with 

concentration of about 56 molar % of vinyl units (corresponding to about 67 mass %) can be 
used. Other brands of EVAL can be selected according to the criteria chosen by those having 
ordinary skill in the art. The degree of derivatization of EVAL need not be high. Derivatization 
of between about 5% and about 25%, for example, about 10% of the vinyl-alcohol-derived units 
1 0 of EVAL can be sufficient. 

Polymers of this invention can be used as a coating on a medical device, particularly, on a 
drug delivery stent. The coating can be applied onto the stent by a commonly used method known to 
one of ordinary skill in the art, for instance, by spraying, dipping or molding. The drug can be 
incorporated within the coating, or the drug can be in a separate layer underneath the coating, or the 
1 5 drug can be adsorbed onto the surface of the coating. The coating can also be used as a primer layer 
or a topcoat layer. 

The embodiments of the present invention are described in connection with a stent, e.g., 
balloon expandable or self-expandable stents; however, other implantable medical devices can 
also be used. The stent, or other implantable medical device can be used in any part of the 
20 vascular system, including neurological, carotid, coronary, renal, aortic, iliac, femoral or any 

other part of the peripheral vasculature. The are no limitations on the size of the stent, its length, 
diameter, strut thickness or pattern. Examples of other implantable devices include stent-grafts, 
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grafts (e.g., aortic grafts), artificial heart valves, cerebrospinal fluid shunts, pacemaker 
electrodes, and endocardial leads (e.g., FINELINE and ENDOTAK, available from Guidant 
Corp. of Santa Clara, California). The underlying structure of the device can be of virtually any 
design. The device can be made of a metallic material or an alloy such as, but not limited to, 
5 cobalt chromium alloy (ELGILOY), stainless steel (316L), cobalt chromium alloy L-605, 

"MP35N," "MP20N," ELASTINITE (Nitinol), tantalum, nickel-titanium alloy, platinum-iridium 
alloy, gold, magnesium, or combinations thereof. "MP35N" and "MP20N" are trade names for 
alloys of cobalt, nickel, chromium and molybdenum available from Standard Press Steel Co. of 
Jenkintown, Pennsylvania. "MP35N" consists of 35% cobalt, 35% nickel, 20% chromium, and 
1 0 1 0% molybdenum. "MP20N" consists of 50% cobalt, 20% nickel, 20% chromium, and 1 0% 
molybdenum. 

The therapeutic substance or drug can include any substance capable of exerting a 
therapeutic or prophylactic effect in the practice of the present invention. The drug may include 
small molecule drugs, peptides or proteins. The drug can be for inhibiting abnormal or 
1 5 inappropriate migration and proliferation of smooth muscular cells for the treatment of restenosis. 

Examples of therapeutic substances that can be used include antiproliferative substances 
such as actinomycin D, or derivatives and analogs thereof (manufactured by Sigma-Aldrich of 
Milwaukee, Wisconsin, or COSMEGEN available from Merck). Synonyms of actinomycin D 
include dactinomycin, actinomycin IV, actinomycin Ii, actinomycin Xi, and actinomycin Cj. 
20 The active agent can also fall under the genus of antineoplastic, anti-inflammatory, antiplatelet, 
anticoagulant, antifibrin, antithrombin, antimitotic, antibiotic, antiallergic and antioxidant 
substances. Examples of such antineoplastics and/or antimitotics include paclitaxel (e.g. 
TAXOL® by Bristol-Myers Squibb Co., Stamford, Conn.), docetaxel (e.g. Taxotere®, from 
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Aventis S.A., Frankfurt, Germany) methotrexate, azathioprine, vincristine, vinblastine, 
fluorouracil, doxorubicin hydrochloride (e.g. Adriamycin® from Pharmacia & Upjohn, Peapack 
N J.), and mitomycin (e.g. Mutamycin® from Bristol-Myers Squibb Co., Stamford, Conn.). 
Examples of such antiplatelets, anticoagulants, antifibrin, and antithrombins include sodium 
5 heparin, low molecular weight heparins, heparinoids, hirudin, argatroban, forskolin, vapiprost, 
prostacyclin and prostacyclin analogues, dextran, D-phe-pro-arg-chloromethylketone (synthetic 
antithrombin), dipyridamole, glycoprotein Ilb/IIIa platelet membrane receptor antagonist 
antibody, recombinant hirudin, and thrombin inhibitors such as ANGIOMAX (Biogen, Inc., 
Cambridge, Mass.). Examples of such cytostatic or antiproliferative agents include angiopeptin, 

10 angiotensin converting enzyme inhibitors such as captopril (e.g. Capoten® and Capozide® from 
Bristol-Myers Squibb Co., Stamford, Conn.), cilazapril or lisinopril (e.g. Prinivil® and Prinzide® 
from Merck & Co., Inc., Whitehouse Station, NJ); calcium channel blockers (such as nifedipine), 
colchicine, fibroblast growth factor (FGF) antagonists, fish oil (omega 3 -fatty acid), histamine 
antagonists, lovastatin (an inhibitor of HMG-CoA reductase, a cholesterol lowering drug, brand 

15 name Mevacor® from Merck & Co., Inc., Whitehouse Station, NJ), monoclonal antibodies (such 
as those specific for Platelet-Derived Growth Factor (PDGF) receptors), nitroprusside, 
phosphodiesterase inhibitors, prostaglandin inhibitors, suramin, serotonin blockers, steroids, 
thioprotease inhibitors, triazolopyrimidine (a PDGF antagonist), and nitric oxide. An example of 
an antiallergic agent is permirolast potassium. Other therapeutic substances or agents which may 

20 be appropriate include alpha-interferon, genetically engineered epithelial cells, tacrolimus, 

dexamethasone, and rapamycin and structural derivatives or functional analogs thereof, such as 
40-O-(2-hydroxy)ethyl-rapamycin (known by the trade name of EVEROLIMUS available from 
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Novartis), 40-O-(3-hydroxy)propyl-rapamycin, 40-O-[2-(2-hydroxy)ethoxy]ethyl-rapamycin, 
and 40-O-tetrazole-rapamycin. 

3. Examples 

The following examples demonstrate the processes used to derivatize EVAL to make 
5 coatings for medical devices. 

Example 1. Synthesis of EVAL/PEG Adduct with Ether Links 

EVAL can be modified by reacting with PEG having a general formula 
HO-[CH 2 -CH 2 -0] 0 -X, wherein X is hydrogen or methyl. Due to the presence of the hydroxyl 
group, PEG is capable of entering reactions of condensation with EVAL to form ether links. 
10 One possible path of the condensation reaction can be summarized schematically by the net 
pegylation reaction (I): 

-[CH 2 -CH 2 ] m -[CH2-CH]n-[CH 2 -CH]p- + HO-[CH 2 -CH 2 -0] 0 -X 

I I 

OH OH 

15 | (I) 

-[CH 2 -CH 2 ] m -[CH 2 -CH] n -[CH 2 -CH] p - + H 2 0. 

I I 

X-[0-CH 2 -CH 2 ] 0 -0 OH 

20 

PEG can be in an oligomeric or polymeric form and can have a molecular weight within a 
range of between about 500 and about 30,000 Daltons, corresponding to the values of o of 
between about 1 1 and about 680. Optionally, the product of reaction (I) can include a spacer 
group between the fragment derived from PEG, shown in reaction (I) as X-[O-CH 2 -CH 2 ] 0 -O- 
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and the fragment derived from EVAL. The spacer group can be an alkyl group or hydroxylated 
alkyl group as described in more detail below. 

To carry out the reaction (I), methoxylated PEG (mPEG) in which X = CH3, can be used. 
mPEG is available from Nektar Corp. (formerly, Shearwater Corp.) of Huntsville, Alabama. The 
5 synthesis can include two steps, (a) an activation step and (b) a condensation step. 

Activation Step 

In the activation step, the mPEG is added to a solution of an activating compound, for 
example, 1 ,4-dibromo-w-butane Br-(CH2)4-Br or 6/5-epoxide. The activating compound can be 
present in excess. After the reaction, unreacted activating compound can be removed from the 
1 0 activated mPEG by solvent extraction. 

For example, mPEG can be activated by a reaction of alkylation. To carry out the 
alkylation reaction, a halogenated reagent, such as 1 ,4-dibromo-w-butane can be used. The path 
of alkylation is expected to include an attack of 1 ,4-dibromo-«-butane directed to the terminal 
hydroxyl of mPEG, yielding a brominated derivative of mPEG, as shown by the reaction scheme 
15 (II): 

HO-[CH2-CH 2 -0]o-CH 3 + Br-(CH2)4-Br -> Br-CCH2)4-0-[CH2-CH 2 -0]o-CH3 + HBr (II) 

Alternatively, instead of 1 ,4-dibromo-w-butane, i/s-epoxide can be used in the activation 
step to obtain an epoxylated derivative of mPEG. 5/^-epoxide is expected to react with a 
terminal hydroxyl of mPEG, yielding an epoxylated derivative of mPEG, as shown by the 
20 reaction scheme (III): 
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0 o 
-ch\i 




HO-[CH2-CH 2 -0]o-CH 3 + CH2-HC-CH2-CH2-CH-CH2 



5 4 (III) 

O 

CH 3 -[0-CH2-CH2-]o-0-CH2-CH-CH2-CH2-dH^CH 2 
10 OH 



Condensation Step 

As a condensation step, the brominated mPEG or epoxylated mPEG can be reacted with 
1 5 EVAL in the presence of a non-nucleophilic base such as potassium /erf-butoxide or 1 ,4- 
diazabicyclo[2.2.2]octane to form an EVAL/mPEG adduct. An exemplary reaction for the 
brominated mPEG is shown by the scheme (IV): 



-[CH 2 -CH 2 ] m -[CH2-CH]n-[CH2-CH]p- + Br-(CH2)4-0-[CH2-CH2-O]o-CH 3 
20 I I 

OH OH 



I (IV) 



-[CH 2 -CH 2 ] m -[CH2-CH]n-[CH 2 -CH]p- + HBr 
25 I I 

O OH 

I 

(CH 2 ) 4 
I 

30 CH 3 -[0-CH 2 -CH 2 ] 0 -0 



As shown by reaction (IV), the final EVAL/mPEG adduct contains a spacer group 
mentioned above. The spacer group in this case is w-butylene-(CH2)4-. If an epoxylated 
derivative of mPEG shown by reaction (III) is used for conjugating mPEG to EVAL, the spacer 
35 group is 2,5-dihydroxyhexylene -CH 2 -CH(OH)-CH2-CH2-CH(OH)-CH2-. The conditions 
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under which reactions (II), (III) and (IV) are conducted can be determined by those having 
ordinary skill in the art. As shown by reactions (I) and (IV), the main product of a process of 
pegylation is an EVAL/mPEG adduct. An EVAL/mPEG adduct is also a product of a process of 
pegylation where instead of the brominated mPEG, the epoxylated mPEG discussed above is 
5 used. In the EVAL/mPEG adduct which is the product of reaction (I), EVAL and mPEG are 
covalently linked with a hydrolytically stable ether link. The adduct is expected to have long 
lasting biocompatibility and non-fouling properties. 

Example 2. Synthesis of EVAL/PEG Adduct with Amine Links 

EVAL can be derivatized by PEG via formation of amine links, and PEG-amine adduct 
10 can be used for such modification. Derivatization of EVAL with a PEG-amine adduct is a three- 
step process. First, EVAL can be activated, for example, by selective oxidation, for example, 
using chromium trioxide, to form a polymer with a reactive carbonyl moiety, as shown by 
reaction scheme (V): 

-[CH 2 -CH 2 ] m -[CH 2 -CH] n -[CH 2 -CH] p - + Cr0 3 

15 I I 

OH OH 

i (V) 

20 -[CH 2 -CH 2 ] m -[CH 2 -CH] n -[CH 2 -C]p- 

I II 

OH O 

25 As a second step of the synthesis, the oxidized EVAL can be reacted with a poly(ethylene 

glycol)-amine adduct, which is a PEG-based product having amino groups. An example of a 
PEG-based amino product suitable as a modifier for EVAL is a methoxylated product having a 
general formula CH 3 -[0-CH 2 -CH 2 ] 0 -NH 2 (mPEG-NH 2 ). This product, manufactured by 
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Nektar Corp., can have a molecular weight between about 3,400 and about 5,000, which 
corresponds to the value of the integer "o" of between about 76 and about 113. The reaction 
between the oxidized EVAL obtained as described above and mPEG-NH2 is a reaction of 
amination of the carbonyl moieties obtained as a result of reaction (V). 

5 Following the amination, the third step of reduction is performed, for example, using 

potassium borohydride KBH 4 . The second and third step taken together compose the process of 
reductive amination of oxidized EVAL. The process of reductive amination yields the 
EVAL/mPEG-NH2 adduct. The summary of the process of reductive amination can be 
illustrated by the reaction scheme (VI): 

1 0 -[CH 2 -CH 2 ] m -[CH 2 -CH] n -[CH 2 -C] p - + CH 3 -[0-CH 2 -CH 2 ] q -NH 2 — 

I II 
OH O 

| +KBH 4 , (vi) 

15 

4CH 2 ^H 2 ] m -[CH 2 -CH] n -[CH 2 -CH] p - 

I I 
CH 3 [-O-CH 2 -CH 2 ] 0 -NH OH 

The conditions under which reactions (V) and (VI) are conducted can be determined by 
20 those having ordinary skill in the art. In the EVAL/mPEG-NH 2 adduct which is the product of 
reaction (VI), EVAL and mPEG are covalently linked in a hydrolytically stable secondary amino 
structure. The adduct is expected to have long lasting biocompatibility and non-fouling 
properties. 

Example 3. Synthesis of EVAL/PEG Adduct with Urethane Links 

25 EVAL can be modified by PEG via formation of urethane links. Modification of EVAL 

with a PEG-amine adduct is a two-step process. First, a PEG-amine adduct can be activated, to 
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obtain a reactive derivative of PEG for example, by reacting with N 5 N'-disuccinimidyl carbonate 
shown by formula (VII). 



(VII) 

mPEG-NH2 described above can be used as the PEG-amine adduct. The reaction of 
activation can be illustrated as shown by the reaction scheme (VIII): 

CH 3 -[0-CH 2 -CH 2 ] q -NH2 + SUC-0-C(0)-0-SUC 

I (VIII) 

10 CH 3 -[0-CH 2 -CH 2 ] q -NH-0-C(0)-SUC 

where "SUC" is an abbreviation standing for the succinimidyl group. 

As a second step, the succinimidyl derivative of mPEG-NH 2 obtained as a result of reaction 
(VIII) can be reacted with EVAL. As a result, EVAL is derivatized to form an EVAL/PEG adduct as 
shown by the reaction scheme (IX): 

15 -[CH 2 ^CH 2 ] m -[CH 2 -CH] n -[CH 2 -CH]p- + CH 3 -[0-CH 2 -CH 2 ] q -NH-O-C(0)-SUC + 

OH OH 

I (IX) 

-[CH 2 ^CH 2 ] m -[CH 2 -CH] n -[CH 2 -CH] p - 
20 | | 

CH 3 [-O-CH 2 -CH 2 ] 0 -NH-C-O OH 

II 

O 

The conditions under which reactions (VIII) and (IX) are conducted can be determined 
25 by those having ordinary skill in the art. In the EVAL/PEG adduct that is the product of reaction 
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(IX), EVAL and mPEG are covalently linked via a hydrolytically urethane linkage. The adduct 
is expected to have long lasting biocompatibility and non-fouling properties. 

Alternatively, a reactive derivative of PEG can be synthesized by activating mPEG-Nt^ 
with aliphatic diisocyanates instead of N,N'-disuccinimidyl carbonate. For example, 1,4- 
5 diisocyanatobutane having the formula 0=C=N-CH2-CH2-CH2-CH2-N=C=0 can be used. The 
process of activation can be schematically shown as reaction (X): 

CH 3 -[0-CH 2 -CH 2 ] q -NH2 + 0=C=N-CH2-CH2-CH 2 -CH 2 -N=C=0 



Reaction (X) is carried by slowly adding an equimolar amount of mPEG-NFL: to 1,4- 
diisocyanatobutane followed by purification of the product of reaction (X) to insure that no unreacted 
15 1,4-diisocyanatobutane remains present. The methods of purification can be determined by those 
having ordinary skill in the art. After the mPEG-NH 2 -urethane-isocyanate product of reaction (X) is 
obtained, it can be reacted with EVAL under conditions that can be determined by those having 
ordinary skill in the art, yielding a EVAL/PEG adduct in which EVAL and mPEG are covalently 
linked via a urethane linkage. This adduct can be illustrated by an exemplary formula (XI): 



(X) 



10 



CH3-[0-CH2-CH 2 ] q -NH-C-NH-CH2-CH2-CH2-CH2-N=C=0 

II 

O 



20 



-[CH2-CH 2 ] m -[CH2-CH]n-[CH2-CH]p- 



CH 3 [-0-CH2-CH 2 ]o-NH-C-NH-(CH2)4-NH-C-0 

II ' II 



OH 



(XI) 



o o 



25 
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Example 4. Synthesis of EVAL/PEG Adduct with Urea Links 

EVAL can be modified by PEG via formation of urea links. The modification is a multi- 
step process. First, EVAL can be oxidized by a moderately strong oxidant such as chromium 
oxide or potassium permanganate to form ketone groups. Second, the EVAL containing ketone 
groups can be reacted with ammonia to form the imine product. The imine product can be 
reduced by potassium borohydride to form the primary amino-functional EVAL. Finally, 
isocyanate terminated methoxy-PEG can be then conjugated to the primary amino-functional 
EVAL to form the urea linkage. The synthesis can be shown below as a reaction scheme (XII): 




0-CH3 



(XII) 

As a result of reaction shown by scheme (XII), the final product where EVAL and mPEG 
are linked, for example, covalently linked in a hydrolytically stable urea structure can be 
obtained. The final product is an adduct expected to have long lasting biocompatibility and non- 
fouling properties. 
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Example 5. Synthesis of EVAL/PEG Adduct with Amide Links 

EVAL can be modified by PEG via formation of amide links. In this synthesis, the 
primary amino-functional EVAL can be made as described in Example 4. Succinimidyl-mPEG 
can be then linked, for example, covalently linked to the primary amino functional EVAL to 
5 form the amide linkage. Succinimidyl derivatives of PEG may be obtained from Nektar 
Corporation. The synthesis can be shown below as a reaction scheme (XIII): 




(XIII) 

10 As a result of reaction shown by scheme (XIII), the adduct where EVAL and mPEG are 

covalently linked in a hydrolytically stable amide structure can be obtained. The final product 
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corresponds to an amide shown in Table 1 5 where x = 2. The final product is an adduct expected 
to have long lasting biocompatibility and non-fouling properties. 

Example 6. Synthesis of EV AL/Hyaluronate Adduct with Amine Links 

Instead of PEG, hyaluronic acid can be used to modify EVAL via formation of amine 
5 links. In this synthesis, a dihydrazide derivative of hyaluronic acid, e.g., a dihydrazide derivative 
of adipic acid-hyaluronate, is prepared first as shown by reaction scheme (XIV). 

o o EDC o oo 

1 1 . II ii ii _ _ II 

Hyaluronate-C0 2 H + H 2 N-NH-C£CH 2 3- 4 C-NH-NH 2 ► Hyaluronate-C-NH— NH-C-pH^C-NH-N^ 

(XIV) 

Those having ordinary skill in the art can determine conditions for carrying out the reaction 
(XIV). 

10 In reaction (XIV), the abbreviation "hyaluronate" stands for hyaluronic acid less a 

carboxyl group; "hyaluronate-CC^H" is hyaluronic acid. EDC is an abbreviation referring to 1- 
ethyl-3(3-dimethylaminopropyl) carbodiimide, also known as carbodiimide. EDC is 
manufactured by Pierce Corp., of Rockford, Illinois. 

A ketone derivative of EVAL can be prepared by oxidizing EVAL using chromium oxide 
1 5 or potassium permanganate as shown in Example 4 and 5. The product of reaction (XIV) 
containing a free hydrazide group can then be reacted with the ketone groups via reductive 
amination in the presence of a strong reducing agent, such as potassium borohydride, NaBFLj. 
The process of reductive amination can be illustrated by the reaction scheme (XV): 
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Hyaluronate-C-NH— NH-C£CH 2 3- 4 C-NH-NH 2 + -£cH 2 -CH 2 ^ — 



H 

-CH 2 -C- 
OH 



H 

I 

CH 2 -C- 
*" M 



0 J ( 



Potassium Borohydnde 



H 

-£CH 2 -CH 2 ]| CH 2 -C 

~" n OH 



H 



CH 2 -C- 
l 

NH^ 
NH 



O = C -fCH^-C - NH - HN- C - Hyaluronate 



(XV) 

As a result of reaction shown by scheme (XV), the final product where EVAL and 
hyaluronate are covalently linked in a hydrolytically stable amine structure can be obtained. The 
5 final product is an adduct expected to have long lasting biocompatibility and non-fouling 
properties. 

Example 7. Synthesis of EVAL/Heparin Adduct with Amine Links 

Instead of using PEG, heparin can be used to modify EVAL via formation of amine links. 
To modify EVAL, aldehyde-terminated heparin can be prepared by oxidative cleavage of 
10 heparin using sodium periodate or nitrous acid. Those having ordinary skill in the art can 
determine conditions for carrying the reaction of oxidation of heparin. 

The primary amino-functional EVAL can then be made as described in Example 4. 
Aldehyde-terminated heparin can be then conjugated to the primary amino functional EVAL 
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via reductive amination using potassiumborohydride, sodium borohydride, or sodium 
cyanoborohydride, to form the amine linkage, as shown below by a reaction scheme (XVI): 



O 
II 

Heparin— C-H 



-FCH 2 -CH 2 1— 
L J n 



H 

-CH 2 -C 

l 



OH 



H 

I 

CH 2 -C- 



- 1 m 1 - 



NH 2 



Potassium Borohydride 
or Sodium borohydride 
or Sodium Cyanoborohydride 



-~ H 2 — C H 2 



- 1 n 



H 

I 

-CH 2 -C- 
I 



OH 

- 1 m 1 - 



H 

l 

CH 2 -C 



I 

NH 

I - 1 
CH 2 
I 

Heparin 



(XVI) 

5 As a result of reaction shown by scheme (XVI), the final product where EVAL and 

heparin are covalently linked in a hydrolytically stable amine structure can be obtained. The 
final product is an adduct expected to have long lasting biocompatibility and non-fouling 
properties. 

Example 8. Fabrication of the Coating 

10 The polymer of Example 1 can be dissolved in a mixture of solvents comprising 50% 

DMSO and 50% DMAC (by weight) to form a 2% solution. All percentage amounts are by weight. 
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A spray apparatus, such as an EFD 780S spray nozzle with a VALVEMATE 7040 control system, 
manufactured by EFD, Inc. of East Providence, Rhode Island can be used to apply the polymer 
solution to a stent. The EFD 780S spray nozzle is an air-assisted external mixing atomizer. The 
composition can be atomized by air and applied to the stent surfaces. During the process of applying 
5 the composition, the stent can be optionally rotated about its longitudinal axis, at a speed of about 50 
to about 150 rpm. The stent can also be linearly moved along the same axis during the application. 

The 2% solution of the polymer can be applied to a 13-mm TETRA stent (available from 
Guidant Corporation) in a series of 10-second passes, to deposit 10 |ig of coating per spray pass. 
Between the spray passes, the stent can be dried for 1 0 seconds using flowing air with a temperature 
10 of 80°C. Five spray passes can be applied to form a 50 ^ig primer layer, followed by baking the 
primer layer at 140°C for one hour. 

A drug containing formulation can be prepared comprising 2% of the polymer, 1.33% of 
a derivative of rapamycin and 96.67% of a mixture of solvents comprising 50% DMSO and 50% 
DM AC. In a manner similar to the application of the primer layer, seventy spray passes can be 
1 5 performed to form a 700 jag drug-polymer layer, followed by baking the drug-polymer layer at 
50°C for 2 hours. 

Finally, a topcoat composition to control the drug release rate can be prepared, comprising 
2% of the polymer and 98% of a mixture of solvents comprising 80% DMAC and 20% pentane. In a 
manner similar to the application of the primer layer and the drug-polymer layer, fifteen spray passes 
20 can be performed to form a 1 50 (ig topcoat layer, followed by final baking at 50°C for 2 hours. 

While particular embodiments of the present invention have been shown and described, it 
will be obvious to those skilled in the art that changes and modifications can be made without 
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departing from this invention in its broader aspects. Therefore, the appended claims are to 
encompass within their scope all such changes and modifications as fall within the true spirit and 
scope of this invention. 
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